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WHEEL SLIP CONTROL SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to vehicle control systems, 
and more particularly to a wheel slip control system. 

BACKGROUND OF THE INVENTION 

To improve fuel economy, fuel delivery to an engine in a 
hybrid or conventional powertrain vehicle may be deactivated 
during vehicle deceleration and vehicle stops. During decel 
eration, the engine, electric motor/generator (EMG), and air 
conditioner (AC) may be back driven by the vehicle wheels. 
When fuel delivery to the engine is deactivated, the EMG may 
recharge an energy storage device (ESD). The drag of the 
engine, EMG, and AC may result in increased negative drive 
axle torque. Negative wheel slip may occur when the force 
required to back drive the engine, EMG, and AC becomes 
greater than the frictional force between the road and the 
driven wheels. 

Positive wheel slip may occur when the operator aggres 
sively drives the vehicle. When the vehicle is accelerated, the 
force of the positive drive-axle torque may become greater 
than the frictional force between the road and the drive 
wheels. In such case, positive wheel slip occurs. When 
aggressively driving the vehicle, the operator may disable the 
vehicle traction control system. 

Traditionally, wheel slip is detected by the anti-lock brak 
ing system (ABS) and by the traction control system. In the 
traditional system, however, wheel slip is not controlled when 
the brakes are not applied or when the traction control system 
is disabled. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a wheel slip 
control system. The wheel slip control system includes wheel 
speed sensors that generate wheel speed signals. A control 
module controls torque production of at least one of an engine 
and an electric motor and detects negative wheel slip based on 
the wheel speed signals. The control module increases torque 
production of at least one of the engine and the electric motor 
when negative wheel slip is detected. 

In one feature, the control module regulates a compressor 
capacity of an air conditioner, and decreases the compressor 
capacity when a negative wheel slip is detected. 

In other features, the wheel slip control system includes a 
torque converter clutch slip sensor that generates a torque 
converter clutch slip signal and an engine rotational speed 
sensor that generates an engine rotational speed signal. The 
control module calculates axle torque based on the torque 
converter clutch slip signal, the engine rotational speed signal 
and the wheel speed signals, and increases torque production 
of at least one of the engine and the electric motor when the 
calculated axle torque is negative. 

Further areas of applicability of the present invention will 
become apparent from the detailed description provided here 
inafter. It should be understood that the detailed description 
and speci?c examples, while indicating the preferred embodi 
ment of the invention, are intended for purposes of illustration 
only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 
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2 
FIG. 1 is a schematic illustration of an exemplary hybrid 

vehicle according to the present invention; 
FIG. 2 is a ?owchart illustrating steps performed by a 

wheel slip control system according to the present invention; 
FIG. 3 is a ?owchart illustrating steps performed to control 

torque; 
FIG. 4 is a ?owchart illustrating steps performed to disable 

fuel e?iciency functions; and 
FIG. 5 is a ?owchart illustrating steps performed to enable 

fuel e?iciency functions. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following description of the preferred embodiment(s) 
is merely exemplary in nature and is in no way intended to 
limit the invention, its application, or uses. For purposes of 
clarity, the same reference numbers will be used in the draw 
ings to identify similar elements. As used herein, the term 
module refers to an application speci?c integrated circuit 
(ASIC), an electronic circuit, a processor (shared, dedicated, 
or group) and memory that execute one or more software or 

?rmware programs, a combinational logic circuit, and/or 
other suitable components that provide the described func 
tionality. 

Referring now to FIG. 1, a wheel slip control system 10 for 
a hybrid vehicle is shown. As can be appreciated, the control 
system 10 may also be implemented in a conventional or 
non-hybrid vehicle. A control module 12 controls a fuel inj ec 
tion system 14 with one or more fuel injectors and an ignition 
system 16 to selectively deliver fuel and spark to at least one 
cylinder 18 of an engine 20. When fuel and spark are deliv 
ered, the engine 20 produces torque which is transferred by a 
torque converter 22 and a transmission 24 to a differential 27 
and drive-axles 26. Positive drive-axle torque drives driven 
wheels 28 of the vehicle. The vehicle may also include non 
driven wheels 30. It is understood that the present invention 
may be con?gured with other driveline component arrange 
ments. For example, a transaxle may be used. 
The control module 12 regulates operation of an electric 

motor/ generator (EMG) 32. The engine 20 and the EMG 32 
are coupled via a belt-altemator-starter system 34. The EMG 
32 may also be coupled to the engine 20 by a chain drive, a 
clutch system, or other device. The EMG functions as a motor 
by using energy stored in an energy storage device (ESD) 36 
to supplement torque produced by the engine 20. The EMG 
32 may also be driven by the engine 20 to function as a 
generator and recharge the ESD 36. In such case, the EMG 32 
produces an electric current which is used to charge the ESD 
3 6. In a conventional powertrain vehicle, torque production is 
not supplemented by an electric motor. 
The engine 20 may drive an air conditioner (AC) compres 

sor 38 coupled to the engine 20. The air conditioner cools the 
interior of the vehicle. The control module 12 controls air 
conditioner operation by regulating a capacity or rotational 
speed of the AC compressor 38. 
The operator presses an accelerator pedal 40 to accelerate 

the vehicle. When the operator releases the accelerator pedal 
40, vehicle deceleration may occur. During deceleration, the 
control module 12 deactivates fuel delivery to the engine 20 
by deactivating fuel delivery to the at least one cylinder 18. In 
some implementations, deactivation is performed by activa 
tion and deactivation of intake and/or exhaust valves. When 
fuel delivery to the at least one cylinder 18 is deactivated, the 
fuel injector for the cylinder 18 is deactivated and spark is not 
delivered to the cylinder 18. When fuel delivery is deacti 
vated, the engine 20 does not produce torque and may be 
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back-driven by the Wheels 28 through the transmission 24 and 
torque converter 22. During deceleration, the EMG 32 and 
AC compressor 38 may also be back driven. Negative drive 
axle torque results When the engine 20, EMG 32, and AC 
compressor 38 are back driven by the Wheels 28. 
When the operator presses the accelerator pedal 40, posi 

tive drive-axle torque is increased. When the force of the 
positive drive-axle torque becomes greater than the frictional 
force betWeen the road and the drive Wheels 28, positive 
Wheel slip may occur. The control module 12 receives a 
traction control signal 42, indicating Whether the traction 
control system is enabled. The traction control system may be 
selectively enabled by a push button accessible to the opera 
tor. The traction control system generally controls positive 
Wheel slip by decreasing the torque delivered to slipping 
Wheels. The operator may disable traction control, hoWever, 
to drive the vehicle aggressively. In such case the operator 
may intentionally induce positive Wheel slip. 

The control module 12 controls the ignition system 16 and 
fuel injection system 14 to deliver spark to the at least one 
cylinder of the engine 18. The control module 12 determines 
a point during a piston stroke to deliver spark to the cylinder 
18. The control module 12 may deliver spark at an optimal 
point during the piston stroke to produce the maximum 
amount of torque. The control module 12 may also deliver 
spark at a point after the optimal point. When spark is deliv 
ered after the optimal point, the engine 20 produces less than 
the maximum amount of torque. The time interval betWeen 
the optimal point and the point at Which spark is delivered is 
the spark offset. As the spark offset increases, torque produc 
tion decreases. 

The control module 12 monitors Wheel speed signals gen 
erated by Wheel speed sensors 44 and calculates vehicle speed 
based on the Wheel speed signals. The control module 12 
includes a slip detection module (SDM) 46 that receives the 
Wheel speed signals and that calculates Wheel slip as the 
difference betWeen the Wheel speed of the driven Wheels 28 
and the Wheel speed of the non-driven Wheels 30. The SDM 
46 determines When a positive or negative Wheel slip is occur 
ring, or about to occur. As can be appreciated, other suitable 
vehicle speed and Wheel slip detection means may be 
employed to calculate vehicle speed and Wheel slip. 

The control module 12 monitors torque parameters to 
develop a model of torque production and consumption. The 
control module 12 receives an engine rotational speed signal 
(ERPM) that is generated by an engine rotational speed sen 
sor 52 based on a rotational speed of the engine. Based on 
ERPM and on the state of the ignition system 16 and fuel 
injection system 14 (i.e., Whether fuel delivery is activated or 
deactivated), the control module 12 determines Whether the 
engine 20 is currently producing torque or currently being 
back driven. LikeWise, the control module 12 determines 
Whether the EMG 32 is currently producing torque or cur 
rently being back driven. 

The control module 12 controls a current gear of the trans 
mission 24. The gear ratio determines the amount of torque 
transferred betWeen the engine 20 and the drive-axles 26. 

The control module 12 controls a capacity of the AC com 
pressor 38. The AC compressor 38 is driven by the engine. 
Increased capacity results in increased torque consumption 
by the AC compressor 38. Alternatively, the control module 
12 may control a rotational speed of the AC compressor 38, 
Wherein increased compressor rotational speed results in 
greater cooling by the air conditioner. 

The control module 12 also monitors a torque converter 
clutch slip rate signal (TCCSh-P) that is generated by a torque 
converter clutch slip sensor 48. TCCSh-P is the difference 
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4 
betWeen ERPM and a rotational speed of an output shaft of 
the torque converter 22. When the engine 20 is providing 
torque to the transmission 24, ERPM may be greater than the 
rotational speed of the output shaft, resulting in a positive 
TCCSh-P. When the engine 20 is back-driven by the transmis 
sion 24, the rotational speed of the output shaft may be greater 
than ERPM, resulting in a negative TCCSHP. Thus, the torque 
converter clutch slip sensor 48 may actually be composed of 
tWo sensors that monitor the input and output rotational 
speeds of the torque converter 22. The TCC slip sensor 48 
may output the difference betWeen the tWo rotational speeds. 
Alternatively, a TCC slip sensor 48 may be replaced With an 
output shaft rotational speed sensor. In such an embodiment, 
the control module 12 may receive an output shaft rotational 
speed signal, and calculate TCCSh-P based on ERPM and the 
output shaft rotational speed signal. 

Based on ERPM, TCCSh-P, the current transmission gear, 
the fuel injection system 14, the ignition system 16, the EMG 
32, the AC compressor capacity, and the Wheel speed signals, 
the control module 12 determines drive-axle torque. When 
the EMG 32 and/or the engine 20 are producing torque, 
positive drive-axle torque may result. When the EMG 32 
and/or the engine 20 are not producing torque, and the EMG 
32 and/or engine 20 are back-driven, negative drive-axle 
torque may result. 
The control module 12 includes a torque control module 

(TCM) 50 to neutraliZe negative drive-axle torque. When 
negative Wheel slip occurs due to increased negative drive 
axle torque, the TCM 50 implements a torque control routine 
to increase the drive-axle torque. The TCM adjusts the fuel 
injection system 14, the ignition system 16, the EMG 32, the 
AC compressor 38, and the current transmission gear, to 
neutraliZe negative drive-axle torque or to create a slightly 
positive drive-axle torque. 

Referring noW to FIG. 2, steps performed by the control 
module 12 according to the present invention are illustrated. 
Control begins in step 200. In step 202, control determines 
Whether a Wheel slip is detected. As discussed above, the 
SDM 46 monitors the Wheel speed signals to detect a Wheel 
slip. The SDM 46 may broadcast a Wheel slip signal to the 
control module 12, including the TCM 50. 
When a Wheel slip is detected, control proceeds to step 204 

and determines Whether the Wheel slip is a positive Wheel slip 
or a negative Wheel slip. When the Wheel slip is a negative 
Wheel slip, control proceeds to step 206. The negative Wheel 
slip may be the result of increased negative drive-axle torque. 

In step 206, torque control is enabled. As discussed in more 
detail With reference to FIG. 3 beloW, When torque control is 
enabled the TCM 50 executes a torque control routine to 
neutraliZe negative drive-axle torque. To enable torque con 
trol, a torque control enable signal is generated or a torque 
control enable ?ag is set. After enabling torque control in step 
206, control proceeds to step 208. 

In step 208, control determines Whether negative Wheel slip 
continues to occur. Control loops on step 208 until negative 
Wheel slip is no longer detected. When negative Wheel slip is 
no longer detected, control proceeds to step 210. 

In step 210, control determines Whether a reset period has 
expired. The reset period begins When negative Wheel slip is 
no longer detected. Control loops on steps 208 and 210 until 
the reset period expires. When the reset period expires With 
out the detection of additional negative Wheel slip, control 
proceeds to step 212. When additional negative Wheel slip is 
detected prior to the expiration of the reset period, then con 
trol loops on step 208 until the negative Wheel slip is no longer 
detected, and the reset period is restarted. In this Way, torque 
control is enabled until negative Wheels slip has ceased for the 



US 7,543,670 B2 
5 

duration of the reset period. The reset period may be a pre 
determined period. The reset period may also be based on the 
vehicle speed such that higher vehicle speeds require a shorter 
reset period. 

In step 212, torque control is disabled. To disable torque 
control, the torque control enable signal or torque control 
enable ?ag may be reset. When torque control is disabled, 
control proceeds to step 202. 

Referring noW to FIG. 3, steps performed by the TCM 50 
according to the present invention are illustrated. Control 
begins in step 300. In step 302, control determines Whether 
torque control is enabled. When torque control is enabled, 
control enters a torque control routine 314 and proceeds to 
step 304. 

In step 304, control checks the current torque model 
parameters including the EMG 32 torque input or output, AC 
compressor 38 torque input, the engine 20 torque input or 
output, the current transmission gear, TCCSh-P, and the Wheel 
speed signals. Based on these torque model parameters, con 
trol determines the current drive-axle torque. 

In step 306, control calculates adjusted torque model 
parameters for neutral or slightly positive drive-axle torque. 
As discussed beloW, in steps 308, 310, and 312, control 
adjusts the EMG torque, AC compressor 38, and engine 
torque based on the calculations of step 306. After adjusting 
the torque parameters in steps 308, 310, and 312, control 
determines Whether torque control remains enabled in step 
302. Control continues to check current torque model param 
eters, calculate adjusted torque model parameters, and adjust 
torque model parameters, While torque control is enabled. 

Initially, in a hybrid vehicle negative drive-axle torque is 
neutralized by increased torque produced by the EMG 32. 
The EMG 32 is sWitched from a recharging, or torque con 
suming, mode to a torque producing mode. A rotational speed 
of the EMG 32 is set at a level su?icient to create a neutral, or 
slightly positive, drive-axle torque based on the current 
TCCSh-P and transmission gear in step 308. In a conventional 
poWertrain vehicle, torque control is implemented by increas - 
ing engine torque production. In both cases, torque control 
may also include decreasing AC compressor 38 capacity or 
AC compressor 38 rotational speed. 
On sub sequent iterations of the torque control routine 314, 

the TCM 50 coordinates a net-Zero, or slightly positive, drive 
axle torque, While the EMG 32, engine 20, and AC compres 
sor torque parameters are gradually adjusted. In this Way, 
negative drive-axle torque is neutraliZed While maintaining 
drivability. 

Fuel delivery to the engine 20 is gradually increased by 
activating individual cylinders 18 and skipping a predeter 
mined number of engine cycles in betWeen cylinder activa 
tions. Additionally, the ignition system 16 may initially be set 
With a large initial spark offset. The spark offset may be 
gradually decreased to increase torque production of the 
engine 20. As engine torque production increases, EMG 32 
torque production is decreased. In addition, the AC compres 
sor capacity may be increased as the engine torque production 
is increased. 

The coordinated torque control continues until torque con 
trol is disabled. When torque control is disabled, control loops 
on step 302 until torque control is enabled. 

Referring again to FIG. 2, in step 204 When control deter 
mines that the detected Wheel slip is a positive Wheel slip, 
control proceeds to step 214. In step 214, When traction con 
trol is enabled, control loops back to step 202. When traction 
control is disabled, control proceeds to step 216. 
When traction control is disabled, and a positive Wheel slip 

is detected, the operator is aggressively driving the vehicle 
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6 
and may be intentionally inducing positive Wheel slip. In such 
case, the operator may not desire fuel ef?ciency functions to 
be performed. In step 216, fuel ef?ciency functions are dis 
abled. 

Fuel ef?ciency functions may include a deceleration fuel 
deactivation function and an idle stop function. The decelera 
tion fuel deactivation function is generally implemented such 
that fuel delivery to the engine is deactivated during periods 
of deceleration. The idle stop function is generally imple 
mented such that fuel delivery to the engine is deactivated 
While the vehicle is stopped. 

Referring noW to FIG. 4, and With continued reference to 
FIG. 2, steps for disabling fuel ef?ciency functions are illus 
trated. It is understood that the steps illustrated in FIG. 4 are 
encapsulated by step 216 of FIG. 2. In step 400, control 
disables the deceleration fuel deactivation function. In step 
402, control disables the idle stop function. The fuel e?i 
ciency functions may be disabled by setting, or resetting, 
corresponding ?ags or signals. 

Referring again to FIG. 2, after disabling fuel ef?ciency 
functions, control proceeds to step 218. In step 218, control 
determines Whether a positive Wheel slip persists. Control 
loops on step 218 While a positive Wheel slip continues. When 
positive Wheel slip terminates, control proceeds to step 220. 

In step 220, control determines Whether a reset period has 
expired. Control loops on steps 218 and 220 until the reset 
period expires. When the reset period expires Without the 
detection of additional positive Wheel slip, control proceeds 
to step 222. When additional positive Wheel slip is detected 
prior to the expiration of the reset period, then control loops 
on step 218 until the positive Wheel slip is no longer detected, 
and the reset period is restarted. In this Way, ?lel ef?ciency 
functions remain disabled until positive Wheel slip has ceased 
for the duration of the reset period. The reset period may be a 
predetermined period. The reset period may also be based on 
the vehicle speed such that higher vehicle speeds require a 
shorter reset period. 

In step 222, fuel e?iciency functions are enabled. Referring 
noW to FIG. 5, and With continued reference to FIG. 2, steps 
for enabling fuel ef?ciency functions are illustrated. It is 
understood that the steps illustrated in FIG. 5 are encapsu 
lated by step 222 of FIG. 2. In step 500, control enables the 
deceleration fuel deactivation function. In step 502, control 
enables the idle stop function. Referring again to FIG. 2, after 
control enable fuel e?iciency functions, control proceeds to 
step 202. 
A vehicle equipped With the Wheel slip control system of 

the present invention may also be equipped With an anti-lock 
braking system. In such case, the Wheel slip control system 
may operate independent of the anti-lock braking system. The 
anti-lock braking system and the Wheel slip control system 
may share Wheel slip detection functions. With reference to 
FIG. 1, an anti-lock braking system may receive Wheel slip 
detection signals from the SDM. 
The description of the invention is merely exemplary in 

nature and, thus, variations that do not depart from the gist of 
the invention are intended to be Within the scope of the inven 
tion. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention. 

What is claimed is: 
1. A Wheel slip control system for a vehicle, said Wheel slip 

control system comprising: 
Wheel speed sensors that generate Wheel speed signals; and 
a control module that controls torque production of at least 

one of an engine and an electric motor and that detects a 



US 7,543,670 B2 
7 

negative Wheel slip based on said Wheel speed signals 
When at least one of said engine and said electric motor 
are back driven; 

Wherein said control module increases torque production 
of at least one of said engine and said electric motor 
When said negative Wheel slip is detected. 

2. The Wheel slip control system of claim 1, said vehicle 
having an air conditioner, Wherein said control module regu 
lates a compressor capacity of said air conditioner and 
decreases said compressor capacity When saidnegative Wheel 
slip is detected. 

3. The Wheel slip control system of claim 1, said vehicle 
having an air conditioner, Wherein said control module regu 
lates a rotational speed of a compressor of said air conditioner 
and decreases said rotational speed When said negative Wheel 
slip is detected. 

4. The Wheel slip control system of claim 1, said vehicle 
having a torque converter and a transmission, further com 
prising: 

a torque converter clutch slip sensor that generates a torque 
converter clutch slip signal; and 

an engine rotational speed sensor that generates an engine 
rotational speed signal; 

Wherein said control module calculates axle torque based 
on said torque converter clutch slip signal, said engine 
rotational speed signal, and said Wheel speed signals, 
and increases torque production of at least one of said 
engine and said electric motor When said calculated axle 
torque is negative. 

5. The Wheel slip control system of claim 4, said vehicle 
having an air conditioner compressor, Wherein said control 
module calculates said axle torque based on one of an air 
conditioner compressor capacity and an air conditioner com 
pressor rotational speed. 

6. The Wheel slip control system of claim 1, Wherein said 
control module increases torque production of said engine by 
activating a ?rst cylinder of said engine, Waiting a predeter 
mined number of engine cycles, and activating a second cyl 
inder of said engine. 

7. The Wheel slip control system of claim 1, Wherein said 
control module detects a positive Wheel slip based on said 
Wheel speed signals and disables at least one fuel e?iciency 
function of said vehicle When said positive Wheel slip is 
detected. 

8. The Wheel slip control system of claim 7, Wherein said at 
least one fuel ef?ciency function comprises at least one of a 
deceleration fuel deactivation function and an idle stop func 
tion. 

9. A Wheel slip control system for a vehicle having an 
engine, said Wheel slip control system comprising: 

Wheel speed sensors that generate Wheel speed signals; and 
a control module that controls torque production of said 

engine, that detects a negative Wheel slip based on said 
Wheel speed signals When said engine is back driven, and 
that calculates axle torque based on said Wheel speed 
signals; 

Wherein said control module increases torque production 
of said engine When said negative Wheel slip is detected 
and When said calculated axle torque is negative. 
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10. The Wheel slip control system of claim 9, Wherein said 

control module increases torque production of said engine by 
activating a ?rst cylinder of said engine, Waiting a predeter 
mined number of engine cycles, and activating a second cyl 
inder of said engine. 

11. The Wheel slip control system of claim 9 Wherein said 
control module increases torque production of said engine by 
decreasing a spark offset of an ignition system of said engine. 

12. The Wheel slip control system of claim 9 Wherein said 
control module detects a positive Wheel slip based on said 
Wheel speed signals, and disables at least one fuel ef?ciency 
function of said vehicle When said positive Wheel slip is 
detected. 

13. The Wheel slip control system of claim 12, Wherein said 
at least one fuel ef?ciency function comprises at least one of 
a deceleration fuel deactivation function and an idle stop 
function. 

14. A method for controlling Wheel slip in a vehicle having 
an engine, said method comprising: 

detecting a negative Wheel slip When said engine is back 
driven; 

calculating an axle torque; 
increasing torque production of said engine When said 

negative Wheel slip is detected and When said calculated 
axle torque is negative. 

15. The method of claim 14 further comprising: 
decreasing at least one of an air conditioner compressor 

capacity and an air conditioner compressor rotational 
speed When said negative Wheel slip is detected and 
When said calculated axle torque is negative. 

16. The method of claim 14, said vehicle having an electric 
motor coupled With an energy storage device, said method 
further comprising: 

recharging said energy storage device With current from 
said electric motor When said vehicle is decelerating; 
and 

decreasing said current When said negative Wheel slip is 
detected and When said calculated axle torque is nega 
tive. 

17. The method of claim 14, said vehicle having an electric 
motor, said method further comprising: 

increasing torque production of said electric motor When 
said negative Wheel slip is detected and When said cal 
culated axle torque is negative. 

18. The method of claim 14, Wherein said increasing torque 
production of said engine comprises activating fuel delivery 
to a ?rst cylinder of said engine, Waiting a predetermined 
number of engine cycles, and activating fuel delivery to a 
second cylinder of said engine. 

19. The method of claim 14, Wherein said increasing torque 
production of said engine comprises decreasing a spark offset 
of an ignition system of said engine. 

20. The method of claim 14 further comprising: 
detecting a positive Wheel slip; and 
disabling at least one of a deceleration fuel deactivation 

function and an idle stop fuel deactivation function When 
said positive Wheel slip is detected. 

* * * * * 


